Introduction
Staging of isolated rat seminiferous tubules by transillumination, verified by phase-contrast or conventional histology, has allowed biochemical studies on tubular fragments containing specific spermatogenic stages (Parvinen & Vanha-Perttula, 1972; Parvinen & Ruokonen, 1982; Morales et ai, 1987) . These studies have revealed that various biochemical, receptor dynamic, and molecular events in spermatogenesis are stage-dependent.
Using enzymic digestion, whole-mounted seminiferous tubules have been obtained from boars and rams to study the population of undifferentiated spermatogonia (Frankenhuis et ai, 1982; Lok et ai, 1982) . In the horse, staging of enzymically-isolated tubules in toto by Nomarski optics has revealed the spermatogenic wave along the length of the tubule (Johnson et ai, 1990) .
The objective of the present study was to determine whether enzymically-isolated, equine seminiferous tubules could be successfully staged by transillumination to facilitate biochemical studies on living, staged, tubular fragments.
Materials and Methods
Thin slices (5-15mm) of fresh testicular parenchyma from young (<2 years) or adult (4-10 years) stallions were enzymically digested to isolate seminiferous tubules. Approximately 1 g tissue was placed in 15 ml of a solution containing phosphate-buffered saline, 0075 mg hyaluronidase, 5 mg pronase and 0-875 mg collagenase (Johnson et ai, 1990 . For conventional histology using bright-field microscopy, the same tubules were removed from the slides, embedded in Epon 812, sectioned at 1 pm and stained with toluidine blue (Johnson & Neaves, 1981) . Staging of tubules mounted in toto or histological sections was based on the presence of specific germ cell types and spermatid development (Swierstra et ai, 1974; Johnson, 1985; Johnson el al., 1990 (Fig. 3) .
Discussion
Stages of the spermatogenic cycle in enzymically isolated tubular segments observed by transillumi¬ nation were verified using Nomarski optics of the same tubules mounted in toto and/or bright-field optics of histological sections (Fig. 1) . Tubular fragments were isolated from testes by enzymic digestion and teasing of tubules (Johnson et ai, 1990) . Three major categories of tubules were identified by transillumination. However, some tubular segments were intermediate to the three major categories. In the rat, four categories [(1) pale, (2) weak spots, (3) strong spots, and (4) dark, strong homogeneous dark centre] were originally described (Parvinen & Vanha-Perttula, 1972 ).
Three of those described for the rat were the same as those described for the horse. Pale tubules with distinct weak spots were seen, but were considered insufficient in number to warrant a separate category.
Only pale tubules were found in seminiferous tubules isolated from horses < 2 years of age. This can be explained by the fact that spermatogenesis largely is incomplete in horses <2 years old (Johnson & Thompson, 1983) . Digestion of testis parenchyma was easier and cleaner tubular prep¬ arations were obtained with these younger horses. Ease of tubular isolation probably correlates with the age-related difference in composition of the horse testis interstitium (Johnson & (St) were not labelled. Bar length equals 1981). The non-cellular components of the interstitium comprised 16 + 1% of the testis paren¬ chyma at age 2-3 years, 10 + 1% at 4-5 years and 5 + 1% for horses 13-20 years old. Over the same ages that large changes were seen in the interstitium, seminiferous tubules occupied the same proportion of the parenchyma (from 71-7 + 1-2 to 72-4 + 0-6%).
As in the rat, the most striking stage difference in the transillumination pattern was observed between tubular segments in the stage in which spermiation occurs (Stage VIII in the horse) and the stage after spermiation (Stage I in the horse), when tubules with the strong dark centre gave way to 1981). The non-cellular components of the interstitium comprised 16 + 1% of the testis paren¬ chyma at age 2-3 years, 10 + 1% at 4-5 years and 5 + 1% for horses 13-20 years old. Over the same ages that large changes were seen in the interstitium, seminiferous tubules occupied the same proportion of the parenchyma (from 71-7 + 1-2 to 72-4 + 0-6%).
As in the rat, the most striking stage difference in the transillumination pattern was observed between tubular segments in the stage in which spermiation occurs (Stage VIII in the horse) and the stage after spermiation (Stage I in the horse), when tubules with the strong dark centre gave way to homogeneously pale tubules. The acrosome on the horse spermatozoon is small (Johnson, 1990) , and so the acrosomal material may not be as important in absorbing light in isolated tubules as that described for the rat (Parvinen & Vanha-Perttula, 1972) . It is more likely that the density of maturation-phase spermatids found near spermiation is more important to light absorption in the horse (Fig. 1) .
Ultrastructure of the seminiferous epithelium in isolated tubules was well preserved (Fig. 2) .
The space of the basal compartment outside the blood-testis barrier was revealed as spermato¬ gonia were pulled apart from the base of Sertoli cells (Fig. 2) (Swierstra et ai, 1974) . Parvinen & Vanha-Perttula (1972) were the first to study stage differences in the position of acro¬ some and maturation-phase spermatids in the seminiferous epithelium and their effects on light absorbance of unstained tubules. They quantified enzymes in specific stages of the spermatogenic cycle (wave). Further studies have led to the identification of stage-specific differences in RNA synthesis (Soderstrom & Parvinen, 1976) , the production of the living cell method for testing early effects of antispermatogenic compounds (Parvinen & Parvinen, 1978) , the identification of stagespecific differences in androgen binding protein concentration (Ritzen et ai, 1981) and in endogen¬ ous steroids (Parvinen & Ruokonen, 1982) , and the identification of stage-specific differences in Sertoli cell gene expression (Morales et ai, 1987) . Likewise, the response of Sertoli cells to FSH is stage dependent (Parvinen, 1982 (Soderstrom & Parvinen, 1976) . The close association of germ cells with Sertoli cells, readily seen in the horse by transmission electron microscopy ( Fig. 2) and by high-voltage electron microscopy of thick Epon sections (Johnson, 1986) , illustrates the importance of structural contact of these cells. Recent studies, using tubular fragments from the hamster testis, have illustrated the importance of Sertoli cell-germ cell interaction in the role of glutathione synthesis by germ cells (Den Boer et al., 1989) .
The present study provides a method to isolate and determine the stage of the spermatogenic cycle of equine seminiferous tubules when viewed by transillumination (Fig. 1) . It also provided evidence that most ultrastructural features of the tubule are normal and that isolated tubules are alive as indicated by their incorporation of [3H]thymidine (Fig. 3) . However, this study does not provide direct evidence of the usefulness of this approach toward biochemical analysis. Enzymic treatment did cause some modification of the internal membranes of Sertoli and germ cells. Also, depending on the degree of digestion (which can be monitored by microscopic observation of a sample of tubules during the digestion process), myoid cells may be present or absent from the tubules. Myoid cells are known to influence Sertoli functions in vitro (Ailenberg & Fritz, 1988) , and their presence should be considered in biochemical studies. However, relative comparisons of tubules in different stages obtained from the same digestion would be appropriate.
Isolation and staging of seminiferous tubular fragments by transillumination have been success¬ ful for rodent species (rat: Parvinen & Vanha-Perttula, 1972; Parvinen, 1982 : Parvinen & Ruokonen, 1982 mouse: Parvinen & Hecht, 1981) . Isolation of seminiferous tubular fragments by enzymic digestion has revealed the spermatogenic wave in the horse testis (Johnson et ai, 1990 
